This study was aimed at monitoring, mapping and characterisation of floodplain encroachment patterns on the River Kaduna floodplain in Kaduna metropolis, Nigeria,as part of the approach to flood hazard evaluation, flood risk assessment and effective flood and floodplain management. A Topomap of 1967 was used to extract the base built-up layer, while Landsat. TM, 1987, Spot.XS, 1995, Landsat.ETM, 2001 and Quickbird, 2006 were used to generate other built-up layers, which were extracted by digitization and converted to polygon shape files and later used for overlay analysis. A Digital Elevation Map (DEM) of the area was used for delineation of floodplain boundary. ArcGIS sorfware 9.0 operational tools was highly robust and flexible for mapping and analysis of urban growth patterns and characterisation of floodplain encroachment by communities. From the results, it was observed that the highest extents and rates of encroachment are recorded by communities in the proximity of the Central Business District (CBD) such as T/Wada, Ung. Rimi, Barnawa, Doka and the industrial layouts of Kakuri and Kudenda. These areas are the centers of highest socio-economic infrastructure which implies greater flood risk and damage potential in the event of flooding. Results also showed that about 52.83% of the urban segment of the River Kaduna total floodplain area of 48.55km 2 , has been encroached by built-up. As a result of this pattern of encroachment, strong institutional framework and investment towards effective floodplain management is recommended.
Introduction
Floodplain is a vital part of the river/stream ecosystem that acts as flood buffer, water filter, nursery, major center for biological life and provide fresh water for wetlands (Tadaferua, 2003) . Floodplain is the part of a river morphology that is most prone to flooding in the event of over bank spill accompanying high intensity rainstorm surface-runoff, collapsed or deliberate discharge from reservoirs. Most early urbanization thrived along valleys and floodplains of major rivers (Langbein, 1978) . The morphological features of floodplains which include fertile alluvial soils, flat topography and moderate gradient, make them less costly in terms of socio-economic development and thus, have encouraged encroachment (Jaenig, 2006) . Floodplain encroachment has seriously increased flood risk and damage potential, especially of urban floods due to heavy socio-economic infrastructural development on these floodplains. Gilbert (1991) asserted that urban encroachment into floodplain alters the integration of surface-runoff with the main channel, reduces surface water storage and conveyance capabilities, reduces water quality of receiving waters and adjacent lands, in addition to other secondary effects such as depletion of water resources, cumulative impact on wetlands and pollution of downstream surface waters. The practice of urban encroachment on floodplains has also, exacerbated the extension of internal flooding due to reduction in floodplain's capacity to attenuate flood, thereby bringing more areas of the urban built-up under flood vulnerability (Beyer, 1974 , Burton, Kate and white,1978 , Jaenig, 2006 . Floodplain encroachment has caused urban floodplain management to become a major concern worldwide, especially the contemporary rising trends in urban flooding. The problem is even more critical in developing cities where there is poor control over land use practices within floodplains and inadequate institutional mechanism to enforce floodplain ordinances (George, 2006) .
Floodplain management is largely directed towards alleviating the damage potential of existing development which is at risk of flooding and to ensure that there is no growth in the potential for loss due to future development by taking into account the dynamics of urban encroachment on flood prone areas (Correia, 1999) .
In recent times floodplain management approach recognizes the role urbanization plays in changing floodplain characteristics, interaction between mainstream and storm water, flood risk, flood hazard and the relevant planning factors.
The consequences of ineffective floodplain management are widespread and enormous, usually including socio-economic losses, ecological threats to riverine and floodplain ecosystems, adverse hydrological and geomorphological processes on floodplain and mainstream channel, spread of epidemics and loss of lives. Therefore, understanding of the nature of urban land use changes on floodplain is vital for flood and floodplain management, modeling aspects of river hydrology and hydraulics, planning infrastructure and urban extension. Accurate and updated flood plain maps can be veritable tools for safety measures such as disaster warning, evacuation and other hazards responses (Chapman and Canaan, 2001 ).
Some of the most critical flood problems occur in rapidly developing urban areas where values at risk are higher and damages tend to be heavier. A realistic approach to flood management in these situations require the consideration of urban growth scenarios, floodplain encroachment and the simulation of the corresponding flood conditions. Flood management cannot be dissociated from land-use management, and non-structural measures for flood control.
This study, therefore, is aimed at characterizing and analyzing urban development encroachment dynamics on floodplain in Kaduna metropolis as a strategic approach to flood and flood management, using the RS/GIS tools. This study will compliment other studies by Folorunsho (2004), Mallo (1997) , and Abashiya (2006) , which have dominated their focuses on surface-runoff dynamics following urban land use changes , urban flood generating structures in Kaduna metropolis.
Study Area
Kaduna metropolis is located between Lat. N10 37'E. It is characterized by the A w tropical continental climate according to Koppens classification (1928) , with seasonal rainfall patterns which are characteristically of high intensities. Mean annual rainfall totals is about 1,185mm (Sawa, 2002) . Mean annual temperature is about 24.5 0 C and annual evapotranspiration almost equate annual rainfall total. River Kaduna is the major river that almost divide the metropolis into two halves.
The city is located in a tropical continental climate with distinct wet and dry seasons. The bedrock geology is predominantly metamorphic rocks of the basement complex consisting of gneisses and older granites. The soils are typical red-brown to red-yellow tropical ferruginous soils with vegetation comprising savannah grassland with scattered trees and woody shrubs. The population of the city has experienced rapid growth from about 169,125 in 1967 to a projected figure of 1,371,805 in 2009 from the 2006 population census.
Methodology
The method used involved floodplain analysis carried out in three major steps as suggested by Dodson and Li (1999) , as follows: data collection and preparation, extraction of floodplain boundary from Digital Elevation Model and floodplain encroachment mapping and analysis.
From the DEM, the boundaries of the floodplain were delineated by digitizing and polygonising to shape files using ArcGIS software. On the other hand urban growth was monitored by extracting built-up layers using topomap of 1967 and multi-temporal satellite data sets; Lansat. TM, 1987 , Spot.XS, 1995 and Landsat.ETM, 2001 and Quickbird, 2009 . These built-up vector layers together with that extracted from topomap of 1967 were composed by GIS overlay and extents of built-up were measured for the respective data sets for the periods the represented. Mapping and measurement of floodplain encroachment was achieved by superimposition of delineated floodplain boundary over the respective built-up layers. Encroachment extents by the various communities along the floodplain was analysed by overlaying the floodplain layer over already fragmented sub-centers built-up layers of 1967, 1987, 1995, 2001 and 2009 respectively, and clipped out, converted to polygons and spatial measurement of area performed using ArcGIS tool.
Results Analysis and Discussions
Kaduna metropolis has experienced significant spatial growth in built-up extents, from 21.10km 2 in 1967 to 181.01km 2 in 2009 as represented in the map in Figure 2a and summarized in Table 1 . This growth has been accompanied with simultaneous encroachment on the River Kaduna floodplain, in an increasing trend from 2.02 km 2 (4.16%) in 1967 to 25.65km 2 (52.83%) in 2006. This showed that more than half of the floodplain of the metropolis segment of River Kaduna has been encroached upon by built-up. The fastest encroachment was observed in the 1980s which corresponds with the rapid industrialization and urbanization in Kaduna metropolis and has proceeded at a gradual rate since then to date. Figures 3a and 3b based on regression analysis using suitable models. The regression analysis all reveal increasing trends in floodplain encroachment. The rates of these encroachment however, show temporal variations as shown in Table 2 , therefore predictions may not be precise.
Conclusion and Recommendation
This study has shown that floodplain encroachment has progressed at an unprecedented rate in Kaduna metropolis in the face of increasing urban flooding episodes following climate change responses and poor land use practices, especially in tropical developing cities and Nigeria in particular where ENSO events have been reported to also account for rainfall variability (Shamshudin, 1993; Sawa, 2002; Ati, 2006) . Kaduna Metropolis has experienced rapid urban growth, which has extended into the river Kaduna floodplain. The floodplain encroachment is particularly highest in the major centers of high socio-economic investments in the proximity of the CBD. This pattern of encroachment predicts high risk of severe socio-economic losses in the event of flood episodes. This floodplain encroachment in the urban segment of the river increases flood risk at the downstream communities and the shiroro dam as already observed and reported (Halilu, 2003; Bell, et al., 2003; Tadaferua, 2003) .
Recommendations include proactive measures to stop further development on the remaining 47.17% of unencroached part of the floodplain. This could be achieved through buyouts policy by buying property or vacant land located in flood hazard prone areas by government to prevent future development, flood compensation banking, floodplain zoning undeveloped land can be utilized for recreation, essential transport and utilities infrastructure and conservation landuses which have less damage potentials in the events of floods, especially when supported with warning and evacuation facilities. Development policies on floodplain should be merit-based and formulated in consultation with community, and private developers. The need to implement Kaduna Metropolis Floodplain Action Group to regulate floodplain ordinances and acquiring and storing relevant data through an equipped Watershed Information System. 
